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1 
The present invention relates to the prepara- 
tion of a new antibacterial substance charac- 
terized by ifs antibiotic action on various grain 
negative as well as some grain positive organisms 
and to a process of preparing the saine, iVore 
particularly the invention relates.fo the produc- 
tion of a new chemical compound characterized 
by the indicated antibacterial properties by sub- 
jecting pyridoxamine fo an appropriate treat- 
ment including irradiation with ultraviolet light. 
The invention is based on my observation that 
pyridoxamine when exposed in an acid solution 
fo the action of light in the ultraviolet wave 
length range undergoes a transformation fo a' 
substance characterized by marked antibacterial 
action. The potmcy of the new antibacterial 
agent appears fo be critically related fo the wave 
length and duration of the irradiation as well as 
fo the hydrogen ionconcentration of the solution 
in which the pyridoxamine is suspended or dis- 
solved. The temperature at which the irradia- 
tion is carried out and the concentration of the 
solution are also factors that need fo be taken 
into consideration in obtaining a product of a 
predetermined potency. The influence of these 
severall factors on the antibacterial potency of the 
Product will he illustrated in the following 
dëscription. 
1. Detection and evaluatio o/ antibacterial 
activity 
The antibacterial activity of irradiated pyri- 
doxamine was detected and titrated as follows: 
The tests were ruade in Gladstone basal 
medium. The composition, use of the medium 
for bacteriostatic studies and turbidity measure- 
ments, of growth bave been previously described 
in detail (Shwartzman, G., J. Exp. Med., 83; 65 
(1946). Stock cultures of the test organism, 
E. co/i, strain 42 (ibid.) were maintained by trans- 
planting in the basal medium twice a week. 
Five-hour-old cultures in the. saine medium suit- 
ably diluted in saline sërved for inoculation. 
For testing, serial dilutions of irradiated pyridox- 
amine (termed bel0w "l-Pm") were added fo 
the basal medium. The inoculum was added in 
the volume of one ml., the total volume in each 
tube being 8 cc. Unless stated otherwise, he 
final concentration of organisms at zero h0urs 
was 0.75X10« cells per ml. The minimal concert- 
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2 
tration of the substance giving complete inhibi- 
tion of growth following: incubation af 37.5 ° C. for 
twenty-four hours was c0nsîdered as oue R-Pro 
unit. 
5 
2. ïelatio.n o/irracliaHon o antibaceria.1 activity 
of pyricloxamine 
a. Absence o) antibacterial activity in non- 
irracliaed solutions o/ Pyricloxamine.---Concen. 
10 trated water solutions of pyridoxamine sterilized 
by autoclaving in a brown bottle and stored in 
a dark place were dilutëd in veronal buffer of 
pI-I ranging from 2.1 to 8.5 and tested for antibac- 
15 terial activity in final concentrations of 10-250 "r 
per ml. No antibacterial effect was detected in 
numerous tests with these solutions. The solu- 
tions of pli below 7.0 became, howeveï, irregu- 
larly bacteriostatic on exposure fo sunlight for a 
20 period of two'hours or longer. 
b. Eîectiveness o/ conrollecl irradiation.-- 
With a view fo determining the optimum condi- 
tions of irradiation and the comparative results 
of irradiation with light of different wave lengths', 
25 a series of tests were carried on, using as the 
light source a mercury vapor quartz lamp of 85 
watts. Ultraviolet radiation below 320 mt was 
made avafiable by removing the hard glass enve- 
lope. In these tests, separate quantities Of solu- 
tion of the concentrations, pli values and coin, 
30 positions indicated in further detail in the 
appended TableI and elsewhere hereinafter, were 
iïradiated using the light filters hereinafter des- 
ignated: 
Filter 4441--This filter is 2 mm. thïck and 
35 allows transmission in the visible region 380-640 
m with maximum transparency af 480-500 n. 
Filter 9863--This filter is3 mm. thick, and 
transmits ultraviolet light between 230-410 m, 
while absorbing all the visible light except for a 
40 trace of red and violet. 
Filter 5860--Thîs filter is 5 mm. 'thick and 
transmits light in the region bëtween. 330-390 m 
with the maximum transmission at 360.m but no 
visible light. . 
45 Filter 5970 is 5 mm. thick and transmits freely 
ai 300-500 m and 680-720 m, but little in the 
remaining portion of the visible region. 
Pyrex tubes and optical cells of dimensions 
and transmission characteristics described in the 
50 footnote of Table I were used as container. 
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The distance between the lamp and the level of 
the fiuid in the Pyrex tubes was I00 mm., while 
the height oï the fiuid column was I0 mm. The 
light was directed vertically through the filter 
into the open mouth of the tube. 
When optical cells were employed, the light was 
directed horizontally through the optically fiat 
window. ïhe distance between the lamp and the 
window was 250 mm. 
TABLE I 
Effect of irradiation upon antibacterial activity of pyridoxamie 

Pyridoxamine Irradiation 

Concen- Dfl- 
Solution tratioa uent 
Percent 
I I-IO 
OEI ....... I I-I0 
IV ....... i I-IO 
ç ........ 1 V.B. 
VI ....... I V.B. 
Vll ...... I V.B. 
[V':.I. ..... I V.B. 
1 V.B. 
x_:'::-:: 0.02 v.B. 
Xl ....... 0.02 V.B. 
XII ...... 0.02 V.B. 
XIII ..... 0.02 V.B. 
XIV ..... 0.02 V.B. 

tlëe l" ] Container 
ptt # 
2.1 , 441 Py ............ 
2. I 5, 860 Py ............ 
2. i 5, 970 Py ............ 
2.1 9, 863 Py ............ 
2.1 5, 970 Py. Cell ....... 
2.1 9, 863 (30. Cell ....... 
2.1 9, 863 An. Co. Cell-- 
6. 85 9, 863 (30. (3eLl ....... 
2.1 9, 863 Co. Cell ....... 
2.1 9, 863 Py ............ 
2.1 9, 863 Py ............ 
2.1 9, 863 I Py ............ 
2.1 9, 863 PY";o- ...... 
2.1 9, 863 Py. ...... 

Volume 
(ce) 

3 
3 
3 
3 
10 
10 
15. 2 
10 
10 
4 
4 
4 
4 
4 

4 
consistent, however, when concenrated water 
solutions of pyridoxamine were diluted with 
suitable veronal buffers. 
As may be seen from Table I, little activity 
5 was obtained in solution VIII irradiated af pli 
6.85, while solution IX acquired considerable 
potency following identical irradiation af pli 2.1, 
Additional experiments hot recorded in the table 
were cam'ied out with 0.02 per cent solutions of 

' V.B.--Veronal buffet. When the fluent was water, the adjustments were made with HC1. 
p Pyrex tube measuring 10 x 50 mm 
Y'-- ............ fiat'vindow I mm thick Transmission of radiation below 320 
and 2%--at 255 m. 
 Co. Cell--Irradiatlon under anaeroblc conditions fil Corex cell, as above. 
pA. 4 ° (3.--Solution in Pyrex tube hnmersed in ice bath at 4 ° C. during irradiation. 
The results-with solutions I-IV of Table I 
were among those which were irradiated by di- 
recting the light into the open mouth of the 40 
Pyrex tube. Although stray light may bave 
entered the solutions, it was suggestive that 
light in the visible region was hot responsible 
for antibacterial activity. Thns, radiation 
through filter 4441 which transmitted only the 45 
visible light conferred considerably less potency 
(solution I) than radiation throilgh filters 5860 
'and 9863 which txansmitted ultraviolet light 
(solutions Il and IV, respectively). Further- 
more, c0mparison oï the effect of filters 5860, 50 
59ï0 and 9863 upon solutions Il, III and IV, 
respectively, pointed to the fact that the greater 
the transmission in the region below 320 m, the 
more effective was the fllter. The possible 
fect of stray light was eliminated in the follow- 55 
ing experiment with optical cells: 
The transmission characteristics of the Pyrex 
cell and filter 59ï0 used for irradiation oï solu- 
tion V were such as to permit little radiation 
below 320 m. Conversely, solution VI in the 60 
Corex cell irradiated through filter 9863 
ceived lltraviolet and near-ultravio]et radiation 
in the regions 255-410 m but littie visible light. 
The antibacterial potency of solution VI proved 
approximately 6.6 rimes greater than that of 65 
solution V. It may be concluded, thereïore, that 
the most effective radiation lies in the region 
below 320 m. 
e. lelation o] H-lori concentration o] solutions 
to the effect oF irrccliation.--The H-ion deter- 70 
minations were made wit.h the aid of Coleman 
and Beckman potentiometers. In early experi- 
ments, the desired pli of the solutions was ob- 
tained by adjustments with hydrochloric acid 
and sodium hydroxide. The results were more 75 

pyridoxamine at various pi4. The results of 
the experiments under these conditions sug- 
gested strongly the existence of a critical rela- 
tionship between the H-lori concentration of 
the solutions and the effect of irradiation, pli 
2.05-2.1 appeared optimum. Some reduction in 
activity was noted ai pi4 3.0-6.0. A signhïcant 
decrease in potency was round at pli 6.25. 
Solutions irradiated at pli 6.8, 7.2 and 8.2 
showed slight or no activity. 
d. Optimum duration o/ irradiation.--The ef- 
fective duration of im-adiation was related to 
the concentration of pyridoxamine. Markedly 
lower potency was obtained when a one per cent 
solution was exposed fo ultraviolet radiation for 
periods shorter than sixteen hours. Twenty- 
one hom's appeared optimum for the solution of 
this strength irr.adiated through filter 9863 at 
pi4 2.1-2.5. Exposures longer than twenty- 
eight hours brought about deterioration of the 
potency acquired. With lower concentrations 
of the substance, brief periods of exposm'e 
proved effective. As may be noted ffom Table 
I, exposure for two hours and flfteen minutes 
was optimal for a 0.02 per cent solution (solu- 
tion XII vs. solutions X and XI), deterioration 
beginning fo appear in three hours (solution 
e.- Relation o] teïerature o/ solutions to the 
effect o/irradiation.--All the irradiation experi- 
ments above described were carried out af room 
temperature. The potency of solution XIV held 
af 4 ° C. for the entire period of irradiation, was 
significantly lower than that of the control solu- 
tion XI exposed af room temperature. The 
data, though incomplete, indicate that temper- 
ature is capable of influencing markedly the 
effect of irradiation. In view of the low rem- 

Antibacterial 
Activity-- 
Minimal con- 
Duration centration per 
ml. giving com- 
plete inhibl- 
Hr. lia. tion 
21 0 25 7 
21 0 6 7 
21 0 5 "r 
21 0 2 "r 
24 0 40 7 
24 0 6 
21 0 6. 5"1 
21 0 125 
21 0 3 
1 0 7 
2 0 3 
2 15 2 
3 15 4 
2 15 25 



5 
perature coefficient of photochemical reactions, 
the observation suggests that the resulting 
change may bea two-stage process, some addi- 
tional thermal reaction occurring incidentally 
fo the irradiation effect. 
]. lelation of molecular oxygen to the eïec 
of irraàiation.--Solution VII was irradiated un- 
der anaerobic conditions. The Corex cell was 
filled fo the neck with the solution boiled in 
steam bath and sealed immediately with Vaseline. 
No gas bubbles were seen on hardening of Vase- 
line. Solution VI served as control. In order 
to obtain a large surface area, only 10 ml. of the 
solution were placed into the Corex cell. The 
solution was hot boiled prior fo the irradiation 
and there was no Vaseline seal. The .two solu- 
tions were otherwise treated identically. Since 
thee was observed little difference in the 
tency .of the two solutions, if was concluàed 
antibacterial activity may be acquired in the ab- 
sence of molecular oxygen. Thus it aPpeaed 
that the activity was unrelated fo possible 
mation of peroxides. 
Preparations containing the antibacterially 
active product of my invention were tested-in 
various known ways to determine whether the 
Pçoduct contains Peroxides and negative results 
were obtained. Thus the antibacterial action 
hot tobe explained on this basis. 
Spectrophotometric measurements of .irra- 
diated and non-irradiated solutions of Pyridox- 
amine were ruade. Significant .changes in the 
ultraviolet absorption of the irradiated pyridox- 
amine product as contrasted with the non-irra- 
diated initial compound were observed. Af pli 
2.6 a marked fall in the extinction coefficient 
of the "acid" hand was observed. The increaseà 
transparency in this region was accompanied by 
he appearance of significantly greater absorp- 

3. Certain properi.es o l-ïm 
a. ElFect o] heating.--Preparations of pyrid0x- 
amine irradiated at pli 2.1 retained their orig- 
5 inal potency when heated at this pli at 56 ° C. 
and in the Arnold sterilizer at 90 ° C. for 20 min- 
utes. They lost, however, completely this activ- 
ity when the pli was adjusted to 7.0 prior o 
heating. Furthermore, the potency could not 
l0 be restored on readjustment to pli 2.1 and re- 
peated irradiation under suitable conditions. 
b. ElFect of lïltratïon.--Preparations of pyri- 
doxamine irradiated af pli 2.1 retained their po- 
tency upon filtration through a Mandler #8 
15 filter. When the solutions were adjusteà to pli 
7.0 prior to filtration, all potency was lost fol- 
lowing filtration through the Mandler filter. 
4. Antagonistic elFec.t of amino acicls upon l-Pm 
.20 In preliminary experiments there was dem- 
onstrated an .antagonistic effect of casein acid 
hydrolysate upon the antibacterial activity of 
l%-Pm. The observation suggested the following 
investigation on the effect of individual amino 
2.5 acids. 
A number of trial experiments indica.ted that 
the comparative study could be best ruade by 
serial titrations in which the concentration of 
the acids was 625 and the concentrations of 
30 l%-Pm were 25, 12.5 and 6.25 per ml. With a 
few exceptions, at the concentration just men- 
tioned, the amino acids were freely soluble in 
water and showed no antibacterial effect by 
themselves. The amounts of the Preparation 
of R:Pm employed for the titrations were equiv- 
alent to 8, 4 and 2 antibacterial urdts, respec- 
tively. The use of a smaller number of anti- 
bacterial units seemed inadvisable in experi- 
ments on antagonistic effect of substances. 
TABLE II 
Antagon{stic effect of amino acids expresed in moar ratio of amio acids te R-Pro 
Group 1--50 per cent An- Antagonism Il tagonïsm 
Group II--5-20 per cent Il Group III--No An- 
Arnino Acid Molar ] Amino Acid Molar 
 Name Ratio l/ Name Ratio 
dLtryptophane._ 90:1 || dl-threonine__. 150:1 
l-arginine ........ I00:1 || dl-iysine ...... Æ10:l 
1-tyrosine ........ 105:1 |[ dl-alanine ..... 220:1 
d]-methionine___ 120:1 ]1 B-alanine ..... 220:1 
d]-phenyi a]a- 135:1 |l- ..................... 
nine. 
d]-ieucine .... 140.1 [I. 
d]-vie ..... _": 11 l/i ..................... 

tagonism 
Amino Acid Molar 
Naine Ratio 
d-glutamic acid_ 24. 5:1 
glycine ............ 58:1 
1-glutamic acid .... 65:1 
d-arginine ......... 100:1 
l-hydroxyproline ._ ÆÆ0:l 
dl-isoleucine ...... ii0:1 
l.histidine ......... 120:1 
]-aspartic acid ..... 135:1 
1-asparagine ....... 135:1 

tion at 248 m. Whiie a definite conclusion as As may be seen from Table II, the observed 
fo the exact position of the additional hand is antagonism was expressed in terres of ratios 
hot justified on the basis of the experiments, in- of molar concentration of the amino acids fo 
asmuch as no measurements were marie .at a 60 the highest molar concentration of l%-Pm an- 
shorter wave length, the hand did hot, however, tagonized by the acids. The results were grouped 
seem fo represent an end absorption since the on the basis of highest Percentage of reversal 
latter is round at wave lengths shorter than 240 which could be obtained with the amounts em- 
m. At pli 6.87 there was a decrease in the ex- ployed for the titrations. Obviously, the lower 
tinction at approximately 325 m and little 65 the ratios and the higher the percentage of re- 
change in the absorption at 250 m. versal, the greater was the antagonistic Prop- 
The several vitamin B substances, pyridox- erty of the amino acids. 
amine, pyridoxine and pyridoxal, were irradiated The results on the antagonistic effect of the 
and fIlowing irradiation were tested for anti- acids of Group I were clear-cut and require no 
bacterial potency against E. coli straîn 42 in 70 comment. 
Gladstone medium. Pyridoxamine irradiated at In Group II, low antagonism was convincingly 
pli 2.6 showed antibacterial activity, one unit be- shown only for phenytalanine, leucine and vaIine, 
ing equivalent fo 2.3 7 of the substance per mi. since the molar ratios were as high as or hlgher 
of the medium. The remaining solutions pos- than those of Group I. The question was un- 
sessed no antibacterial activity. Z5 decided whether greater antagonism cutd be 
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obtained with the remaining acids of Group 
if higher concentrations were used. This was, 
however, hot tested in view of the low solubflity 
of tryptoph.ane and tyrosine and the antibac- 
terial effect shown bY l-arginine in basal medium. 
The lack of antagonistic effect of amino acids 
of Group III was clearly demonstrated, since 
the ratios employed were as high as or higher 
than those of Groups I and II. In addition 
fo the acids recorded under Group III, d-lysine, 
dl-serine and l-cystine showed no antagonistic 
effect upon R-Pro when titrated in concentra- 
tions of 62.5 and 31.5 7 per ml. I-Iigher con- 
centrations could hot be employed in view of 
their toxicity for E. coli in basal medium. 
5. The eect o] certain vitamins and related sub- 
stances upon the activity o] l-Pm 
The substances were tested for antagonistic 
effect upon two antibacterial units of R-Pm in 
following concentrations per ml. of basal medi- 
um: p-aminobenzoic acid, 50 -; biotir (free 
acid), 12.5 m -; ïolic acid, 1.25 
nicotinic acid, 100 and 25 -; nicotinamide, 100 
and 25 ; calcium pantothanate, 62.5 and 31.25 
«; pyrldoxine, 62.25 and 12.5 ; pyridoxal 62.25 
and 12.5 /; pyrldoxamine, 62.25 and 12.5 
thiamin, 80 and 40 ; and riboflavin, 12.5 and 
3.1 . The substances showed no antagonistic 
effect upon the activity of R-Pro. 
6. Antagonistic e1ect o] substances o] mixed com- 
position upon 
The antagonistic effect of substances of mixed 
composition was determined in a two-fold man- 
ner, namely: (a) a given concentration of the 
substances was titrated against variable amounts 
of R-Pro, the smallest amount containing two 
antibacterial units was titrated against variable 
amounts of the substances. Fifty per cent of 
growth, as compared to the control culture, was 
taken as the "end-point." The results were 
curate and reproducible and good correlation was 
obtained between the two series of titrations. 
The effect of the substances was recorded (Table 
III) in terres of nitrogen ratio of minimal an- 
tagonistic concentration of the substances fo 
R-Pro. 
TABLE III 
Antagoisic effect of substances of nied coposiion 

Substances Testcd 
Naine Preliminary Treatment 

Casein, 10% .... 
Heart Infusion 
broth. 
,-globulin, 2%.- 
])o ......... 
Rabbit serum__ 
])o ......... 
hoEouse serum.-- 
])o ......... 

Acid ydrolysis ........ 
Autoclaved ............. 
Mandler filtrate, 4 ° C. 
prolonged storage. 
Mandler filtrate, 4 ° C. 
storage 24 hours. 
Mandler filtrate, 56 ° C., 
20 min. 
Mandler filtrate, 4 ° C., 
2 hours storage. 
Mandler filtrate, 56 ° 
C .--20 rein. 
l][andler filtrate, 4 ° C.-- 
24 hrs. storage. 
Mandler filtrate, 56 ° 
C.--20 rein. 

mg. 
[4.0 
4.6 
2.9 
10. 2 
10. 2 
10.1 
10.1 
10. 4 
10. 4 

N Ratio of 
Substances 
to R-Pro 
Giving 50% 
Antagonism 

3.5:1 
0.6:1 
106:1 60 
72:1 
14:1 
69:1 
4:] 65 
7.3:1 
3.3:1 

tively greater antagonism of heart-lnuston- 
broth since if may be caused by additional factors 
other than amino acids. 
If is noteworthy that ,-globulin showed a 
5 rather weak antagonistic effect. This observa- 
tion may be possibly explained by the fact that 
amino acids possessing low or no antagonistic 
effect, namely tyrosine, and serine and threonine, 
respectively, accourir for about 22.5 per cent of 
10 the weight of this protein. 
The results of studies on sera seem fo pre- 
sent two points oî special interest: 
There was a pronounced difference constant- 
ly and repeatedly observed in the antagonism 
15 of fresh and heated sera. Thus, the fresh rab- 
bit, human and mouse sera were approximately 
17.5, 5.1 and 2.2 rimes less antagonistic than the 
respective heated sera. The conclusion seemed 
justified that the sera contained in their fresh 
20 state a heat labile factor of variable concentra- 
tion which was capable of reversing the anta- 
gonistic effect of sera upon R-Pm. 
Comparison of the effect of heated sera demon- 
strated a difference in the concentration of the 
25 antagonistic substances seemingly related to 
species. Repeatedly, the mouse serum showed 
the greatest antagonism, while the rabbit serum 
was only slightly less antagonistic. In the single 
example studied: the human serum possessed 
30 the least antagonistic effect. 
7. Characterization o] antibacterial activity o] 
T-Pm agains E. coli, sr, ain 42 
a. Eect o] l-Pm upon the rate o] growth and 
35 viability o/ organisms.--A flve-hour-old culture 
of E. coli, strain 42 in basal medium was suitably 
dfluted in saline and added in concentration of 
0.75.×10  cells per ml. of basal medium contain- 
ing 10, 2, 1 and 0.5 R-Pro units (viz., tubes 1, 2, 3 
40 and 4, respectively). The control culture con- 
tained veronal .buffet, pli 2.1 in the saine volume 
(tube 5). Thé cultures were incubated for var- 
ious periods of rime and their optical density 
recorded. In order fo determine the effect of the 
45 substance upon the viability of the organisms, 
the cultures were subcultured at frequent inter- 
vals of rime on meat infusion broth, agar slants 
and agar plates. The plates were uniformly 
streaked with one loopful of the material, in 
50 order to obtain a rough comparative estimate 
of the number of viable organisms present. The 
results were as follows: 
In the control culture (tube 5), visible growth 
appeared following incubation for rive hours. 
55 The multiplication then proceeded ai the nor- 
mal rate giving an abundant growth after 
twenty-four hours of incubation. Tubes 1-3 had 
no growth, while tube 4 showed 50 per cent of 
the growth of the control culture after the same 
period of rime. Following thirty-one hours of 
incubation, tubes 1 and 2 remained clear but 
tubes 3 and 4 had as much growth as the con- 
trol tube. Af ter flfty hours, tube 2, also showed 
growth. Tube 1 remained clear for the entire 
period of observation, lasting six days. 
Subcultures ruade during the initial four hours 
of incubation demonstrated little or no reduc- 
tion in the number of organisms inoculated. 
70 Following inoculation for rive to. seven hours, 
there was a deflnite decrease in the number of 
viable organisms in all tubes containing R-Pm. 
In tube 1, containing 10 R-Pro units, the bac- 
terial concentration fell fo approximately one- 
7a fourth of the control culture. Later subcultures 

The marked antagonism of casein acid hydroly- 
sate is easily explained on the basis of the ex- 
periments described above, namely, the presence 
of antagonistic amino acids. For the rime be- 
ing, no explanation is offered for the compara- 
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demonstrated complete disappearance of organ- 
isms in tube 1, whfle viable bacteria persisted in 
the remaining cultures. 
It may be concluded from the above experi- 
ments that the effect of R-Pro is both bacteri- 
cidal and bacteriostatic, depending on the dose 
employed. 
When 10 R-Pro units were used, there was ob- 
served a marked and progressive decrease in the 
number of viable cells beginning rive fo seven 
hours following incubation and bringing about 
complete sterilization of the culture. Since no 
bacterial counts were ruade, it remained yet un- 
known whether any multiplication preceded the 
decrease. With smaller concentrations, the ef- 
fect was wholly bacteriostatic. One unit exert- 
ed complete bacteriostasis for twenty-four hours, 
2 units gave complete inhibition of growth for a 
period over thirty-one hours, whfle one-half 
unit gave only incomplete bacteriostasis follow- 20 
ing twenty-four hours of incubation (50 per cent 
inhibition in this example). 
b. Ef]ec o/R-Pro upon "resting'" cells.--A sa- 
line suspension of a twenty-four hour old growth 
of E. coli, strain 42, on agar surfaces was washed 25 
twice by centrifuging in saline. The sediment 
was resuspended in veronal buffet pli 6.85 and 
centriïuged in order fo obtain a well packed sed- 
iment. The sediment was resnspended in R-Pm 
solution, ptt 4.0, containing 40 antibacterial units 30 
per ml, and in veronal ,buffer of the same pli. 
Aliquots of 0.15 cc. of packed sediment in 80 
R-Pm units and 0.15 cc. of the sediment in vero- 
nal buffet were p!aced in the refrigerator af 4 ° 
C. for one-halï hour and in water bath af 37 ° 
C. for one, three and one-half and six and 
three-quarters hours. The suspensions were 
then centrifuged until the supernates became 
perfecfly clear and the sediments washed by 
centrifuging in ieronal buffer pli 4.0. The super- 
natant solutions and the washings were tested 
for antibacterial activity and the sediments ,were 
cultured in meat infusion broth, on agar slants 
and on agar plates by streaking each plate uni- 
ïormly with one ]oopful of the materiaL The re- 
snits of the experiments were as follows: 
c. Absoiptian o/ R-Pro by bacterial cells.--The 
bacterial cells failed fo remove any R-Pm 
lowing storage at 4 ° C. for one-half bout. The 
supernatant solutions lost, however, about 50 
and 75 per cent of activity by incubation with 
the cells at 37 ° C. for one and three and one-halï 
hours, respectively. There occurred complete 
loss of potency after incubation for six and 
three-quarter hours. No active materia was re- 
covered in the washings of the cells. 
à. Viability o/ "res$ing'" cells exposecl 
ï-Pm.The viabflity of cells exposed fo R-Pm 
at 4 ° C. for one-halï hour was not tested. The 
effect of R-Pro upon the cells af 37 ° C. was clear- 
cut. The cel]s were viable ïollowing incubation 
for one and three and one-half hours. AI1 cells 
were dead aïter contact with the substance for 
six and three-quarter hours. The viability of 
the cells was preserved in the control suspension 
ïollowing the same incubation period. 
3. Antibacterial ac$ivi$y o] R-Pro agains$ mi- 
croorganisms other $han E. coli, srain 42 
0 
The tests were made in the Gladstone basal 
medium against miiroorganisms which grew 
abundantly in this medium. The remaining bac- 
teria were tested in enriched media. The results 
are summarized in Table IV. 
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TABLE IV 
'uscep$bl$y of microorgasms o 

5 
Microorganisms 

E. colf, strain 42 ...... 
l0 E. coli, strain 560 ..... 
. coli, strain 456-1 
B. Friedlanderi, type 
A. 
B. Friedlanderi, type 
B. 
B. Friedlanderi (type 
1:5 unknown)' straiu 
981. 
Group B: 
S. typhi murium 
var. Binns. 
Group B: 
S. Poralyphi B_ __ 

Group D: 
S. typM, strain 
TL. 
Group D: 
S. panama ....... 
Sh. Flexner_ ..... 
Sh. Shiga ......... 
Staph. H ......... 
Do ........... 

Strep. BhemoL 
Laucefield A 
strain J'lg. 

Mediumused 
in tcst 

Gladstone basai 
medium. 
..... do 

Gladstone basa] 
medinm and 
serum dil. 
1:40. 
Fildes Synthet- 
ic medium. 
Gladstone basa] 
medium. 
Meat infusion 
broth. 
Meat infusion 
broth dfluted 
1:2 with saline. 
Meat infusion 
broth and 
serum dil. 
1:40. 

No. of 
bacterial 
ceIls/ml, at 
zero hours 

0.75)<I0 ..... 
0.75X10i ..... 
0.75X10 ..... 
0.75X10 ..... 
0.75X10 ..... 
0.75X10 ..... 

0.75XI0 ..... 
0.75XI0 ..... 
0.75XI0 ..... 

0.75XI0 ..... 
0.75XI0 ..... 
0.75XI0  ..... 
0.75X10 « ..... 
0.75X10 ..... 
8XlO ....... 
8XlO ....... 

R-Pmunits 
giving 
compIete 
inhibition 

3 
3 
4 

2 
25 

1.25 
2 
5O 
20 
4O 
2O 

65 

3.5. As may be seen from Table IV, R-Pm exerted 
a potent antibacterial effect upon a variety of 
microorganisms. Grain positive organisms showed 
a greater resistance to R-Pm than the Grain 
negatiie ones. This fact was possibly at least 
4o in part due to the reqnired use of enriched media 
which, as shown in preceding experiments, were 
capable of antagonizing the antibacterial effect. 
The susceptibility of Grain negative organisms 
varied widely. The marked effect of the substance 
upon organisms quite refractory fo other anti- 
45 biotics is of special interest. If is also noteworthy 
that the T strain of B. typhosus tested in Ffldes 
et ai. complete synthetic medium (Brit. J. Exp. 
Path. 17:481 (1936), showed a susceptibflïty nearly 
as high as that of E. coli, strain 42 in basal 
5O medium. Apparently, the inherent susceptibility 
of the organism was considerable since the Fildes 
medium was signilïcantly antagonistic to R-Pro. 
It was also noted in a number of experiments 
not recorded in this paper that the smaller the 
55 inoculum, the greater was the actiiity of R-Pro. 
An experiment with S. typ.hi murium, var. Binns 
is given in Table IV in order to illustrate-this 
relationship. 
In the light of my iniestigations, the results 
6O of which are in part set forth above, the process 
of preparing the new antibacterial product may 
be summarized as including the following essen- 
tial conditions: 
1. The preliminary acidification of an aqueous 
65 solution of Pyridoxamine or the hydrochloride 
sait to a pli of less than 6.25 and preferably to 
a pli of 3 or lower. Optimum results under the 
conditions recited have been obtained at a pli of 
2.01-2.1. 
Irradiation with ultraviolet light preferably 
with exclusion of visible light. For optimum re= 
snits filters assuring transmission of a large pro- 
portion of radiations of a wave length of below 
320 n are recommended. 
2. Regulation of the duration of the irradiation 
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treatment is important as affecting the potency 
of the product, varying inversely with the con- 
centration of the solution and the intensity of 
the irradiation treatment as well as with respect 
to the degree of acidity of the solution. In other 
words, the greater the dilution of the solution 
the shorter the duration of the treatment re- 
quired to attain a given degree of potency of the 
product, other conditions remaining the same. 
Likewise the greater the degree of acidity the 
shorter the duration of the treatment required to 
produce a given antibacterial potency in the ir- 
radiated product. Unduly prolonged irradiation 
is tobe avoided since it will produce a retrogres- 
sion of the potency, which indicates that the 
irradiated product will undergo further trans- 
formation if the irradiation treatment is con- 
tinued indefinitely. 
Itis believed that the antibacterial action of 
the irradiated product is due to the presence 
therein of a lactam ring linked to the pyridine 
nucleus in a chelate grouping relationship. While 
I do not intend tobe irrevocably bound to the 
theory here advanced, itis also believed that the 
reactions involved in the conversion of pyridox- 
amine into the antibacterial product proceed as 
follows: 
(1) CHNtt 
H0ïCtt0H acidifica._tion tt0/C 0 0tt 

Pyridoxamine (2-methyL3-hydroxy- 2-methyl-3-hydr oxy-4-amino" 
4-aminomethyl-5-hydroxy- methyl-5-carboxy- 
methylpyridine) pyridine 
i2) C ttNtt C 

The formation of the desired end product con- 
taining the lactam ring attached to the pyridine 
nuc]eus, may, of course, be achieved by chemical 
means as distinguished from the use of ultra- 
violet radiations or other means tending to dis- 
turb the normal resonance of the ring and there- 
by bringing about an electronic shift with closing 
of the lactam ring. In certain of its aspects, 
therefore, my invention is to be deemed as 
cluding the antibacterial product per se without 
regard to the method of its production. 
Where herein reference has been made to the 
acidification of solutions of the initial pyridox- 
amine, itis to be understood that any suitable 
acid may be used which will bring about the de- 
sired acidification and either directiy effects the 
conversion of the pyridoxamine to 2-methyl-3- 
hydroxy-4 - aminomethyl - 5 - carboxypyridine or 
will condition the pyridoxamine for such trans- 
formation as a consequence of the irradiation 
treatment. 
If will also be understood that the procedures 
herein described ïor carrying on the irradiation 
are set forth by way of specific example and 
hot by way of limitation. For example, I have 
successfully used ultraviolet radiations of much 
greater intensity than those obtainable with the 
type of ]amp specifically mentioned and have. 
produced the anticipated results with the dura- 
tion of the treatment correspondingly short- 70 
ened. Various other changes in the details of 
the procedures, in the selection of the filters 
usid in controlling the quantity and wave length 
ange of the ultraviolet radiations applied, and 
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in the nature and composition of the liquid 
medium used as the suspending medium for the 
pyridoxamine, may be made without departing 
from the invention which is not to be deemed 
5 as limited otherwise than as indicated by the 
language of the appended claims. 
I claim: 
1. The process of preparing a product exhibit- 
ing antibacterial activity toward both Gram 
10 positive and Gram negative bacteria which com- 
prises acidifying a solution of pyridoxamine fo 
a pli of less than 6.25 and thereafter irradiat- 
ing" the solution with ultraviolet light fol" a 
period of from 1 to 28 hours whi]e excluding 
15 substantially all visible light. 
2. The process of preparing a product exhib- 
iting antibacterial activity toward both Gram 
positive and Grain negative bacteria which com- 
prises acidifying an aqueous solution of pyridox- 
20 amine to a pli of less than 3 and thereafter 
irradiating the solution for a period of from 1 
fo 28 hours with light of wave lengths at least 
largely confined to the ultraviolet wave length 
range below 320 ms whi]e exc]uding substan- 
95 tially all visible light. 
3. The process of preparing a product exhibit- 
ing antibacteria] activity toward both Gram 
positive and Grain negative bacteria which com- 
prises acidifying a dilute solution of pyridox- 
30 amine to a pli of between 2.01 and 3 and there- 
after irradiating the solution with ultraviolet 
light largely confined to the wave length range 
below 320 ms for a period of from 1 to 28 hours 
while excluding substantially all visible light. 
35 4. The process of preparing a product exhib- 
iting antibacterial activity toward both Gram 
positive and Gram negative bacteria which com- 
prises acidifying a solution of pyridoxamine to 
a pli of 2.01-2.1 and thereafter irradiating the 
40 solution with ultraviolet light largely confined 
fo the wave length range below 320 ms for a 
period of from 1 fo 28 hours while excluding 
substantially all visible light. 
5. The process of preparing a product exhib- 
45 iting antibacterial activity toward both Gram 
positive and Grain negative bacteria which com- 
prises irradiating 2-methyl-3-hydroxy-4-amino- 
methyl-5-carboxypyridine while said compound 
is dissolved in an aqueous solution acidified fo 
50 a pll of less than 6.25 with ]ight waves at ]east 
largely confined fo that part oî the ultraviolet 
wave length range below 320 ms for a period of 
from 1 fo 28 hours while excluding substantially 
all visible light. 
5;5 
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